Abstract Slow adult male circumcision uptake is one factor leading some to recommend increased priority for infant male circumcision (IMC) in sub-Saharan African countries. This research, guided by the integrated behavioral model (IBM), was carried out to identify key beliefs that best explain Zimbabwean parents' motivation to have their infant sons circumcised. A quantitative survey, designed from qualitative elicitation study results, was administered to independent representative samples of 800 expectant mothers and 795 expectant fathers in two urban and two rural areas in Zimbabwe. Multiple regression analyses found IMC motivation among fathers was explained by instrumental attitude, descriptive norm and self-efficacy; while motivation among mothers was explained by instrumental attitude, injunctive norm, descriptive norm, self-efficacy, and perceived control. Regression analyses of beliefs underlying IBM constructs found some overlap but many differences in key beliefs explaining IMC motivation among mothers and fathers. We found differences in key beliefs among urban and rural parents. Urban fathers' IMC motivation was explained best by behavioral beliefs, while rural fathers' motivation was explained by both behavioral and efficacy beliefs. Urban mothers' IMC motivation was explained primarily by behavioral and normative beliefs, while rural mothers' motivation was explained mostly by behavioral beliefs. The key beliefs we identified should serve as targets for developing messages to improve demand and maximize parent uptake as IMC programs are rolled out. These targets need to be different among urban and rural expectant mothers and fathers.
Introduction
Voluntary Medical Male circumcision (VMMC) programs in sub-Saharan Africa have been in the implementation phase since 2007, after male circumcision was demonstrated to reduce HIV incidence among men by at least 60% [1] [2] [3] [4] , and the Joint United Nations Program on HIV/ AIDS recommended that VMMC programs be included as part of the overall HIV prevention strategies [5] . Since the vast majority of circumcision funding has gone toward training and building VMMC capacity, the expansion of capacity has outpaced demand. VMMC uptake among adult men in sub-Saharan Africa has been challenging. The 14 sub-Saharan African priority countries did not achieve their 2015 targets, and Zimbabwe achieved only 27% of its 2015 goal among the priority target group aged 15 and & Daniel E. Montaño montano@uw.edu older [6] [7] [8] . Zimbabwe is largely a non-circumcising country. The majority Shona and Ndebele ethnic groups have no traditional circumcision practices. Thus, no cultural barriers were anticipated when the Zimbabwe VMMC Program was implemented. Population-based Zimbabwe Demographic and Health Surveys show a 5% increase of male circumcision prevalence from 9% in 2010 to 14% in 2015 [9, 10] . This slow VMMC uptake may be due to failure to take into account cultural and behavioral issues, and failure to design evidence-based messaging targeting beliefs that explain VMMC motivation [11, 12] . Slow adult VMMC uptake is one factor leading some to recommend increased priority for infant male circumcision (IMC) in sub-Saharan African countries [11, 13] . Though the public health impact of IMC on HIV incidence will not be seen for two decades, there are a number of advantages of IMC [14] . IMC is less expensive and highly cost-effective compared to adult VMMC, and can be integrated into existing health services for infants [13] . IMC is safer and easier to perform than adult VMMC, with faster healing and fewer complications [11, 14] . Surgical devices may further simplify IMC and increase provision by health care providers other than doctors [15] [16] [17] . IMC reduces lifetime risk of urinary tract infection, and of HIV and several other STIs after sexual debut [14, 18] . Additionally, risk compensation seems unlikely to be an issue since boys who grow up circumcised will not experience reductions in perceived risk [11] .
But how much do we know about parents' attitudes toward IMC? Several study findings suggest that IMC has high acceptability when parents were asked about willingness to consider IMC if it protects their son against HIV [19] [20] [21] [22] [23] . Several studies have investigated positive and negative issues, besides HIV prevention, that may affect parent motivation to circumcise their infants. Most of these were qualitative or focus group studies that asked participants about willingness to circumcise infants given the protection against HIV, and elicited positive and negative opinions about circumcising infants [15, [23] [24] [25] [26] [27] . Some studies asked about positive reasons only from parents who were interested in IMC, and asked about negative reasons only from those not interested [23, 27] . None of these studies were able to examine whether the positive and negative issues elicited were actually associated with motivation to circumcise infants. The only studies that have investigated factors associated with IMC motivation examined parent knowledge and demographic characteristics rather than known drivers of behaviors, such as attitudes and beliefs [21, 28] . In sum, while there has been some research in this area, although not much, the data that has emerged from this research could be considered preliminary. To our knowledge no previous research has examined positive and negative beliefs about IMC, normative influence regarding IMC, perceived environmental facilitators and barriers to IMC, and how these various beliefs affect the willingness of parents to circumcise an infant male. This research begins to fill that void in the literature.
This research was carried out to identify specific mutable key beliefs that best explain parents' level of motivation to have their infant sons circumcised. These key beliefs may serve as the targets for developing messages to improve demand and maximize parent uptake as IMC programs are rolled out.
Methods
We applied the integrated behavioral model (IBM) as the theoretic framework in this research (see Fig. 1 ) [29] . We previously applied this model to identify key beliefs explaining VMMC motivation among adult men and adolescent boys in Zimbabwe [12, 30] . The IBM includes constructs from several well established theories, including the Theory of Reasoned Action, Theory of Planned Behavior, Health Belief Model, and Social Cognitive Theory [31, 32] . Decades of research show that the strongest determinant of behavior is one's motivation or intention to engage in that behavior [31, 33] . Thus, the IBM focuses on three constructs as determinants of intention: attitude, social influence and personal agency [29] . The attitude construct has two components: (1) experiential attitude, one's emotional or affective response to the idea of performing the behavior, and (2) instrumental attitude, cognitively based beliefs about positive or negative consequences or attributes of performing the behavior. Social influence consists of two normative components: (1) beliefs about other's expectations for the person to engage in the behavior (injunctive norm), and (2) beliefs about what others are doing regarding the behavior (descriptive norm). Personal agency consists of two components which impact the ability to engage in the behavior: (1) beliefs about selfefficacy (i.e., perceived ability to overcome obstacles to behavioral performance), and (2) perceived control consisting of beliefs about the effect of facilitators and barriers on behavioral performance. Other factors including a person's characteristics, knowledge, and experiences are considered to impact intention indirectly via these constructs.
The analyses in this paper focus on the five belief-based IBM constructs (instrumental attitude, injunctive norm, descriptive norm, self-efficacy, perceived control) because these are most conducive to change with persuasive messaging in communication campaigns. Our goal was to identify the key beliefs underlying these five constructs, that best explain parent IMC motivation. These key beliefs can then be targeted by communication campaigns to change motivation and IMC uptake.
Study Design
The study included two phases: (1) a questionnaire development phase, and (2) a quantitative survey of a representative sample of expectant mothers and fathers in Zimbabwe. All study procedures were reviewed and approved by the Institutional Review Boards of the US and Zimbabwe collaborating institutions.
Questionnaire Development
The questionnaire for this study was designed from results of a qualitative elicitation study with expectant parents [29] . A sample of 24 expectant mothers and 24 expectant fathers, were recruited through prenatal clinics, about equally divided from four urban and rural areas of Zimbabwe. Expectant fathers were independent samples from the expectant mothers who participated, to increase breadth of response. They participated in interviews to elicit specific issues with respect to each of the IBM constructs: (1) positive and negative beliefs about having their infant son circumcised, (2) sources of normative influence about having their infant son circumcised, and (3) factors that may make it easier or harder to get their infant son circumcised. Interview responses were content analyzed to extract specific issues mentioned with respect to each IBM construct. This resulted in the identification of 52 positive and negative beliefs about having one's infant son circumcised, 21 sources of injunctive and 6 sources of descriptive normative influence, 13 facilitators and 16 constraints.
The quantitative questionnaire was designed based on the qualitative results. Examples of construct measures are shown in Table 1 . The 52 positive and negative behavioral beliefs about having one's infant son circumcised were measured on 5-point bipolar agree-disagree scales. Injunctive norm beliefs were measured by asking respondents how strongly they agree or disagree that each of the 21 sources of influence would encourage them to have their infant son circumcised. Descriptive norm beliefs were measured by asking respondents how strongly they agree versus disagree that each of six sources of influence would get their own infant son circumcised. Injunctive and descriptive norm beliefs were each measured on 5-point bipolar agree-disagree scales. Control beliefs were assessed by asking respondents to rate how difficult versus easy each of the 29 facilitators or barriers make it to have their infant son circumcised. These ratings were made on 5-point scales ranging from 'extremely difficult' to 'extremely easy'. Efficacy beliefs were measured by having respondents rate how certain they are that they could get their infant son circumcised if they wanted to, if faced with each barrier. Ratings were made on 5-point scales ranging from 'extremely certain I could not' to 'extremely certain I could'. Finally, intention was measured by asking parents to rate on a 5-point scale how strongly they agree versus disagree that they will get their infant son circumcised if the Ministry of Health and Child Care (MOHCC) began a national program to offer IMC at no cost. This scenario was specified because if and when IMC becomes available, MOHCC will make it free through the National VMMC Program. The questionnaire was translated to Shona and Ndebele, and back-translated to ensure accurate translation of meaning.
Survey Procedures
The expectant parent sample for the quantitative survey was recruited via antenatal clinics since the vast majority of pregnant women (93%) attend antenatal clinics at least 2-3 times during their pregnancy, with 75% attending 4 or more times [9] . Survey respondents were recruited using a three-stage sampling strategy. At the second stage, we selected clinics that provide prenatal care in each of the four study sites. The clinic sampling frame in each urban site consisted of all clinics that provide prenatal care: 18 in Harare, 13 in Bulawayo. In the two rural district sites, the sampling frames were all clinics that provide prenatal care to at least 20 patients per week: 11 in Mutoko, 9 in Matobo. In each of Harare and Bulawayo we randomly selected ten clinics, with probability proportionate to the clinic's average number of prenatal patients seen per week. We used a slightly different clinic selection procedure in the two rural districts due to the large variability in clinic sizes, with a few large hospitals and many small rural clinics. In Mutoko, clinics were grouped into three strata-hospitals, rural health centres, and rural clinics. We selected all three hospitals, one rural health centre, and four rural clinics, totaling 8 prenatal clinics in Mutoko. In Matobo we included all 9 clinics providing prenatal services in the sampling frame (5 hospital clinics, 4 rural clinics).
At the third sampling stage, we recruited expectant parents from the selected clinics, with a goal to independently recruit approximately 200 expectant mothers and 200 expectant fathers from each of the four study geographic sites. Since clinics in Harare and Bulawayo all provide prenatal care to fairly large numbers of patients, we recruited 20 mothers and 20 fathers from each of the ten selected clinics. In the rural districts, where there is much greater variability in prenatal patient volume, we sampled patients proportionate to clinic prenatal patient volume.
After obtaining approval from the Sister-in-Charge of each selected clinic, interviewers coordinated with clinic staff to have expectant mothers over age 18 referred to 
Analytic Procedures
Descriptive analyses were carried out on demographic and VMMC knowledge measures. Mean, median, and standard deviation are reported for continuous variables. Percentages are reported for categorical variables. Our primary analytic goal was to identify IBM measures that best explain IMC motivation. We applied an analytic strategy used and described in prior publications [12, [34] [35] [36] [37] . We first carried out internal consistency analysis and computation of Cronbach's alpha on the questionnaire items used to measure each IBM construct. The construct scores were then computed from their underlying belief items. Before computing instrumental attitude, the behavioral beliefs concerning negative outcomes were reverse coded so that a higher score was associated with greater disagreement that the outcome will occur, implying a more positive attitude. Instrumental attitude toward having an infant son circumcised was then computed as the mean of the 52 behavioral beliefs (Cronbach's a = .94-Expectant Fathers; Cronbach's a = .95-Expectant Mothers). Injunctive Norm was computed as the mean of 21 normative beliefs (Cronbach's a = .97-Fathers; Cronbach's a = .97-Mothers). Descriptive Norm was computed as the mean of 6 descriptive norm beliefs (Cronbach's a = .98-Fathers; Cronbach's a = .96-Mothers). Perceived Control was computed as the mean of the 29 control beliefs (Cronbach's a = .95-Fathers; Cronbach's a = .93-Mothers). Self-Efficacy was computed as the mean of the 16 efficacy beliefs that assessed behavioral certainty under various environmental constraints (Cronbach's a = .94-Fathers; Cronbach's a = .94-Mothers).
The IBM was next applied in three analytic steps, using forward stepwise regression, to explain IMC intention. On the first analytic step, we used the five computed IBM constructs to explain IMC intention. We used forward rather than backward regression because all IBM constructs were significantly correlated with IMC intention, and the goal was to confirm which combination of constructs best explain IMC intention, rather than to carry out exploratory regression. We applied an F-value entry criterion of p \ 0.05 rather than a less strict cutoff because of the substantial power provided by our sample size. The potential impact of clustering by clinic and ethnicity were assessed using mixed effects models and no significant clustering was found.
Analytic steps two and three were carried out with the goal to identify specific beliefs underlying the IBM constructs that best explain IMC motivation, and that therefore may be the best foci for persuasive messages. In analytic step 2 we conducted separate forward stepwise regression analyses for each IBM construct found to be significant in explaining intention in step 1. The beliefs underlying each significant IBM construct were used as the independent variables. This resulted in identification of the beliefs within each IBM construct that provide significant independent contribution to explaining IMC intention. Since these were separate regression analyses for each IBM construct, the results do not control for variance explained by beliefs across constructs. Thus, analytic step 3 was conducted with beliefs across the IBM constructs. The significant beliefs identified in analytic step 2 were combined into a subgroup of beliefs across the IBM constructs, and were included as independent variables in a final stepwise regression analysis to identify beliefs across constructs that provide significant independent explanation of intention. Analytic step 3 resulted in a final model of key beliefs, across the IBM constructs, that best explain IMC intention.
This analytic procedure was carried out separately for the expectant fathers and mothers. We then carried out subgroup analyses of urban and rural fathers and mothers.
Results

Survey Participants
Of 939 eligible expectant mothers approached, 56 agreed to participate but did not return to be interviewed after their clinic visit, 44 were too busy, 16 their partner would not approve, and 15 were unable to participate for some other reason. This resulted in 800 participants equally distributed across the 4 study sites, with an overall participation rate of 85%. A total of 1326 expectant mothers were approached to recruit eligible expectant fathers. Of these, 270 indicated that the father was away (179 out of the country, 91 in another part of Zimbabwe) and 17 did not have contact information for the father, leaving 1039 potential expectant fathers who were contacted. Of these, 91 fathers were too busy to be interviewed, 21 refused, 21 agreed but did not return to be interviewed after the clinic visit, 13 mothers refused participation by the father, and 98 fathers were unable to participate for some other reason. This resulted in 795 expectant fathers surveyed, about equally distributed across the 4 geographic sites, with an overall participation rate of 77%.
Of the 795 expectant fathers and 800 expectant mothers who participated in the survey, 11 of the fathers and 8 of the mothers did not answer the IMC intention question and were excluded from the analysis. Thus, the results presented here are for the remaining 784 fathers and 792 mothers. Tables 2 and 3 present demographic and other characteristics of expectant fathers and mothers by study site and total. Expectant fathers were on average 31.6 years of age with 10.6 years of education. Most were married (96.3%) and two thirds had at least one other child (66.9%). Although half of the expectant fathers were selected from Shona areas and half from Ndebele areas of the country, 60.1% of participants were Shona, 29.6% Ndebele, and 10.4% of other ethnicity. The average family income was $260 per month, with 93.7% of the expectant fathers reporting that they regularly earned money including through the informal sector. A vast majority (93.5%) had correct knowledge that VMMC involves surgical removal of the foreskin, while high percentages were also aware that in some cultures circumcision is an adolescent rite of passage which may include teaching about sex and STI prevention. Nearly 80% reported having seen promotional information about adult VMMC, with about half (52.3%) having seen/heard VMMC information on TV or radio, while only about a fifth (18.2%) had seen such information at health clinics despite a relatively high proportion with recent contact with the health clinic setting due to their status as expectant fathers. About a third of expectant fathers (30.2%) reported that age 0 was the best time to have a boy circumcised.
Sample Characteristics
The expectant mothers were on average 25.3 years of age with 10.3 years of education. Most were married (87.1%) with a smaller proportion married in Matobo (61.3%), and 60.5% had at least one child. Ethnicity of mothers was similar to the expectant father sample, with 57.9% Shona, 35.1% Ndebele, and 7% of other ethnicity. The average monthly family income was $243, with 49.9% of mothers reporting that they regularly earned money. Four fifths (82.8%) knew that VMMC involves surgical removal of the foreskin, while nearly half knew circumcision is a rite of passage in some cultures and two thirds thought it can include teaching adolescents about sex and STI prevention. Nearly two thirds (63.2%) reported having seen promotional information about VMMC, with just under half (43.3%) having seen/heard VMMC information on TV or radio, while only 13.6% had seen such information at health clinics despite being recruited in an antenatal health clinic. Nearly a third (31.6%) of the expectant mothers also reported that age 0 was the best time to have a boy circumcised.
Multiple Regression: Fathers
On the first step of regression analyses for expecting fathers, intention to get their infant son circumcised was significantly explained (R = .70, p \ .001) by instrumental attitude (b = .34, p \ .001), descriptive norm (b = .21, p \ .002), and self-efficacy (b = .25, p \ .001) ( Table 4 ). This suggests that interventions targeting these three constructs may be most effective to encourage IMC uptake.
In analytic step two, three separate stepwise regression analyses were carried out with the beliefs underlying instrumental attitude, descriptive norm, and self-efficacy as the independent variables. Table 5 (first column) lists the beliefs entering each of these regressions along with their beta coefficients. Note that in these and other results, some variables reversed their beta coefficients late in the regression entry, thus acting as suppressors with coefficient direction opposite to what one would expect. Additionally, only the significant items are listed in Table 5 .
Behavioral Beliefs
All but two of the 52 behavioral beliefs were significantly correlated with IMC intention. The stepwise regression resulted in 15 behavioral beliefs (5 positive, 10 negative) entering the equation to explain IMC intention (R = .70). Results indicate that fathers who are motivated believe that healing will be fast with low likelihood of complications, and it will protect the baby for the future. By contrast, fathers' concerns focus on the infant being too young for the pain, disfigurement and impact on growth, and having the decision taken away from the child and blaming the parent.
Descriptive Norm Beliefs
All six descriptive norm beliefs were significantly correlated with intention. Five beliefs concerned with whether closest friends, brothers, other relatives, people like them, and parents of infants in their community would have their infant circumcised, entered the regression equation to explain IMC intention (R = .60).
Efficacy Beliefs
All 16 efficacy beliefs were significantly correlated with IMC intention, with six beliefs entering the stepwise regression (R = .64). These results suggest that fathers' efficacy for IMC could be enhanced if services were local, if they are told how IMC reduces risk of infection, if messages are focused on assuring fathers that clinics are adequately supplied for IMC, encouraging fathers to get circumcised, and reducing perceptions that culture is against circumcision and that it is painful.
Final Regression Model
The first column of Table 6 lists the results of the third analytic step for fathers. Eleven behavioral beliefs, one descriptive norm belief, and four efficacy beliefs independently explained IMC intention (R = .76). This final model for expectant fathers identified specific beliefs that might be targeted using a mass media approach. Fathers' concerns about the infant being too young, disfigurement, not growing properly, and blaming his parents will need to be addressed, along with efficacy concerns such as adequacy of clinic supplies, perception that culture may be against it, and not knowing how IMC prevents HIV. Positive beliefs about low likelihood of complications and lifelong protection should be reinforced, along with the perception that closest friends would have their infant sons circumcised. (Table 4) . In analytic step two, regression analyses were carried out with the beliefs underlying each of the five model constructs. The second column of Table 5 lists the results.
Behavioral Beliefs
All but two of the 52 behavioral beliefs were significantly correlated with IMC intention. In the stepwise regression, 15 behavioral beliefs (6 positive, 9 negative) entered to explain expectant mothers' IMC intention (R = .74). Six of these beliefs were also significant for fathers, while nine beliefs were unique to expectant mothers. Mothers who are motivated believe they are doing it for the child and showing their love, and it would be hygienic. Less motivated mothers are more likely to believe it would be against her religion, his penis will be too small so things might go wrong disabling him, it will be seen as child abuse, and she will have forced her will on him when he is too young to make the decision himself.
Injunctive Norm Beliefs
All 21 injunctive norm beliefs were significantly correlated with IMC intention, with 5 entering the regression analysis (R = .65). Mothers with higher IMC intention were more likely to perceive support from the infant's father, family, health care workers in the community, other parents of infants, and her religion/church.
Descriptive Norm Beliefs
All six descriptive norm beliefs were significantly correlated with IMC intention, with three entering the regression equation (R = .60). Mothers with higher IMC intention were more likely to believe that people like them, closest friends, and their sisters would circumcise their infant boys.
Efficacy Beliefs
All 16 efficacy beliefs were significantly correlated with IMC intention, and four entered the stepwise regression (R = .67). These results suggest that mothers' efficacy for IMC could be increased if it is provided in local (including rural) clinics, and if messages reduced mothers' perceptions that it is painful and that culture is against it, and affirmed that IMC is important to do even though it is new in the community.
Control Beliefs
All 29 perceived control beliefs were significantly correlated with IMC intention. Seven beliefs (4 facilitators, 3 barriers) entered the stepwise regression to explain IMC intention (R = .64). These results suggest that IMC motivation among expectant mothers can be increased through messages that explain how IMC prevents HIV infection, local chiefs supporting IMC, making IMC available in local clinics, and providing transportation.
Final Regression Model
The second column of Table 6 shows the results from the third analytic step for mothers. Ten behavioral beliefs, one injunctive norm, one descriptive norm, two efficacy beliefs, and two control beliefs significantly explain expectant mothers' IMC intention (R = .78). This final model suggests the need to tailor mass media communication to increase IMC motivation differently for mothers than for fathers. Though they should be similar with respect to reinforcing positive beliefs about IMC having few complications and growing up protected, many other key target beliefs are different for mothers. Mothers' beliefs about IMC having few complications and growing up protected need to be reinforced, along with the perceptions that Injunctive norm beliefs about who would encourage you to get your son circumcised:
Rural mothers (R = .68) Rural mothers (R = .65) closest friends would circumcise their infant sons, and that the father supports IMC. Mothers' concerns that IMC is difficult and may disable the infant, it will be viewed as child abuse, is forcing her will on him, and is against her religion will need to be addressed, along with efficacy concerns of IMC availability in local clinics and not having been available before. Transportation and lack of knowledge about how circumcision prevents HIV also appear to be important barriers for mothers.
Multiple Regression: Urban/Rural Subgroups
The above regression analysis procedures were next conducted separately for urban and rural fathers and mothers. In the first analytic step (Table 4) , instrumental attitude, descriptive norm, and self-efficacy significantly explained IMC intention among both urban (R = .67) and rural (R = .74) fathers. Urban mothers' IMC intention was significantly explained (R = .68) by instrumental attitude, injunctive norm, and self-efficacy, while rural mothers' IMC intention was explained (R = .76) by all five IBM constructs.
Results from the second analytic step of regression analyses are described below, organized by IBM construct (Table 5) .
Behavioral Beliefs
Twelve behavioral beliefs significantly explained IMC intention among both urban fathers (R = .71) and rural fathers (R = .78). Three of these beliefs were common for both urban and rural fathers (prepare him for life ahead, possible disfigurement, and the need to wait to see if he will live longer than 3 years), while the other nine beliefs for each group were different. Among urban mothers, seven behavioral beliefs significantly explained IMC intention (R = .68), while 11 behavioral beliefs were significant for rural mothers (R = .79). The beliefs that it is against our 
If circumcision is discussed/promoted on TV and radio . 
Behavioral beliefs
There would be less complications than if he was older .14 (.000 religion, and you would be doing it for the child and showing your love, were the only two beliefs in common for urban and rural mothers. Comparing urban father and mother results, there were only two significant beliefs in common. There were five (fewer than 50%) common significant beliefs among rural fathers and mothers. These results suggest the need to target very different behavioral beliefs in order to change instrumental attitude toward IMC among these four subgroups of expectant parents.
Injunctive Norm Beliefs
Injunctive norm belief analyses were conducted only for mothers, as this IBM construct was not significant among fathers in analytic step one. Urban mothers' IMC intention was significantly explained (R = .65) by six injunctive norm beliefs, while rural mothers' IMC intention was explained by 3 injunctive norm beliefs (R = .68). Only normative influence from the child's father was common for urban and rural mothers, suggesting that interventions targeting normative support need to target different sources of influence for these subgroups of expectant mothers.
Descriptive Norm Beliefs
Two descriptive norm beliefs explained IMC intention among urban fathers (R = .55) and rural fathers (R = .64), while three descriptive norm beliefs were significant for rural mothers (R = .65). Only the belief regarding most people like you, was common for all three subgroups. Urban fathers were also influenced by whether other relatives would have their infant sons circumcised, while rural fathers were influenced by brothers, and rural mothers were Table 6 influenced by whether closest friends and sisters would circumcise their infant sons.
Efficacy Beliefs
Four efficacy beliefs were significant predictors of IMC intention among urban fathers (R = .56), while five beliefs were significant for rural fathers (R = .71). Only one belief (if MC is available in local clinics) was common for urban and rural fathers. Three efficacy beliefs were significant in explaining IMC intention among urban mothers (R = .63), while four efficacy beliefs were significant among rural mothers (R = .72). Two efficacy beliefs concerned with people describing IMC as painful and availability in local clinics, were common among urban and rural mothers.
Only the efficacy belief concerning availability in local clinics was common for all four subgroups. This lack of commonality of beliefs suggests the need to develop different communication strategies for the subgroups to increase self-efficacy for IMC with respect to different barriers. Besides the common beliefs, efficacy with respect to the mother being against it, perceived shortage of trained staff, and not offering it previously, need to be addressed for urban fathers, while not being circumcised, worry about supplies, and culture being against it need to be addressed for rural fathers. Perception of culture being against IMC is important for urban mothers, while efficacy beliefs about not knowing where to go, and IMC not being offered before, need to be addressed for rural mothers.
Control Beliefs
Regression analysis of control beliefs was conducted only among rural mothers. Six control beliefs (3 facilitators, 3 barriers) were significant in explaining IMC intention (R = .71). Results indicate the need to reinforce media promotion and support by chiefs, provide transportation, and address barriers concerned with mothers not knowing how IMC prevents HIV, people describing it as painful, and availability only in city clinics.
Final Regression Model
Results of the third analytic step for each of the four subgroups are shown in Table 6 . The final model for urban fathers included 10 behavioral beliefs, one descriptive norm belief, and one efficacy belief (R = .72). IMC motivation for this group was affected by beliefs including healing, preparation for life ahead, protection, pain exposure, disfigurement, ability to have children, blaming the parents, and culture. These findings indicate that behavior change messages for urban fathers may be most effective if they primarily target behavioral beliefs. IMC intention among rural fathers was significantly explained (R = .81) by 8 behavioral beliefs, one descriptive norm belief, and 4 efficacy beliefs. Only three of these beliefs (preparation for life ahead, possible disfigurement, wait to see if he will live longer than 3 years) were also significant for urban fathers. The findings for rural fathers suggest that behavior change messages should primarily target different behavioral and efficacy beliefs than for urban fathers. The final model for urban mothers found IMC motivation was significantly explained by four behavioral beliefs, five injunctive norm beliefs, and two efficacy beliefs (R = .74). Only one behavioral belief (too young for pain exposure) was also significant for urban fathers, while urban mothers' motivation is also affected by contrasting beliefs about doing it for the child and concern that IMC may be viewed as child abuse. These results suggest that an intervention to increase IMC motivation among urban mothers should focus on perceived normative support from a range of influence sources, as well as several behavioral beliefs. IMC intention among rural mothers was significantly explained by seven behavioral beliefs, one descriptive norm belief, two efficacy beliefs, and one control belief (R = .83). Only one behavioral belief (doing it for the child) was also significant for urban mothers, while three were also significant for fathers. In contrast to urban mothers, rural mothers' IMC intention is more strongly influenced by behavioral beliefs, while perception of what sisters would do, media promotion, and efficacy beliefs with respect IMC availability were also important. Only two of the 11 final model beliefs for rural mothers were significant for urban mothers, indicating that targets for behavior change communication need to be quite different for rural versus urban mothers.
Discussion
This is the first study that we are aware of to investigate positive and negative beliefs, and to assess their strength of association with IMC motivation. An important strength of this study is that the measures and research were driven by strong behavioral theory of how beliefs determine attitude, social influence and personal agency constructs. Thus, in addition to identifying constructs that are important determinants of IMC motivation, our goal was to identify specific key beliefs that explain motivation. It is these beliefs that can serve as foci for messages to change motivation.
The patterns of the significant belief results have important implications for communication campaigns. Beliefs that were commonly significant in the final model for mothers and fathers may serve as targets for messaging in a mass media campaign. For example, messages for both mothers and fathers should reinforce the positive behavioral beliefs that IMC is less likely to have complications than if the child is older, and results in the boy growing up protected. Messages should counter the concern that it may not heal properly and cause disfigurement. Similarly, messages should reinforce the descriptive norm belief that closest friends would circumcise their infants. Importantly, perceived efficacy with respect to IMC availability in local clinics was significant for both mothers and fathers, particularly rural expectant parents. The adult VMMC program began as a vertical system with dedicated VMMC clinics in only a few locations. The fact that local access was a significant issue for both mothers and fathers is likely a reaction to this. Thus, it will be important for IMC to be available in local clinics, including at rural clinics so that transportation will not be a barrier. Incorporating IMC into maternal-child health services would use an already existing infrastructure.
Our results also show some important differences between mothers and fathers with respect to significant beliefs explaining IMC motivation. In the final model for mothers and fathers there were 8 additional significant behavioral beliefs for fathers and 7 additional significant behavioral beliefs among mothers. In the final models, behavioral beliefs specifically significant for mothers were concerned with the infant's penis being too small so something may go wrong and disable him, and several beliefs related to how she may be viewed if she were to have her son circumcised. These included negative beliefs that it would be seen as child abuse, and you will have forced your will on him, as well as the positive belief that you would be doing it for the child and showing your love. By contrast, significant behavioral beliefs specific to fathers included negative and positive beliefs concerned with the child's age (disturbing his growth to be a full man, should not be done until we know he will live longer than 3 years, prepare him for the life ahead, allows ample time for penis to become strong), and concern that the child will blame his parents for making the decision. These results suggest that it is important for mass media messaging to target different beliefs for expectant mothers and fathers. Thus, although there should be some common messages, a campaign would also need to include messages specifically directed to mothers and different messages directed to fathers, and care would need to be taken to ensure that these messages are complementary.
In addition, we found important differences in determinants of IMC motivation between urban and rural expectant parents. Among urban fathers, IMC motivation was explained almost entirely by behavioral beliefs in the final model. By contrast rural fathers' motivation was explained by both behavioral and efficacy beliefs. Only three of the behavioral beliefs were significant for both urban and rural fathers, while 7 additional beliefs were significant among urban and 5 different beliefs were significant among rural fathers. These findings indicate that different sets of behavioral beliefs should be targeted in motivational messages for urban versus rural fathers, and efficacy beliefs should also be targeted in messages for rural fathers.
Among urban mothers, behavioral and normative beliefs were about equally represented in the final model, with two efficacy beliefs also entering. By contrast, IMC motivation among rural mothers is mostly explained by behavioral beliefs, with one or two descriptive norm, efficacy and control beliefs also entering. These findings suggest that communication messages for urban expectant mothers need to equally target behavioral beliefs and normative beliefs about perceived support from several sources (child's father, grandparents, health care workers, church, culture). By contrast, messages for rural mothers should primarily target behavioral beliefs. Additionally, our final models indicate that, with the exception of one belief (doing it for the child and showing your love), different sets of behavioral beliefs need to be targeted to increase IMC motivation among urban versus rural expectant mothers.
Our research has identified numerous key beliefs associated with IMC motivation among expectant parents, including different sets of beliefs for urban and rural mothers and fathers. It is important to note that the beliefs identified in our final models should not necessarily be the only targets for communication messages. Indeed, other beliefs that were strongly correlated with IMC motivation may not have entered the stepwise regressions due to collinearity with beliefs that had already entered the model. These beliefs should also be considered as potential targets for intervention, particularly if they are more amenable to change through communication messages. Communication campaigns will need to target multiple key beliefs that were identified in our analyses, as well as other beliefs that are highly correlated with a target belief that may not lend itself as easily to change.
There are a few possible limitations to this study. First, it is important to note that in most of the models presented, at least one belief entered the model as a suppressor with beta coefficients having the opposite sign than one would expect. This is due to the high level of correlation between the beliefs. The overall impact of multicollinearity on interpretation in this context is negligible because we are not concerned with specific interpretations of the beta coefficients or with informing future predictive models, rather we are interested in the set of beliefs which collectively account for the variance in IMC intention.
A second limitation is the possibility that our sample of expectant fathers may not be representative given the high proportion (94%) who reported they regularly earn money. This is certainly higher than our household based sample of men where 65% reported regularly earning money [12] .
However, this finding is not surprising for several reasons. When answering the income question, men included informal income such as trading and subsistence farming. Two-thirds of expectant fathers had at least one other child, so they were likely highly motivated to earn money, and with a mean age of 32 they were in their prime earning years compared with a mean age of 23 among our household-based sample of men. Given these factors, along with the expectant father survey participation rate of 77%, we are confident that this sample is representative of expectant fathers in Zimbabwe.
A third potential limitation is that we have assumed that increased IMC intention will result in increased likelihood of IMC uptake among expectant parents. We do know that intention is the best predictor of behavior [31] . Indeed, a systematic review followed by a meta-analysis of diverse behavioral domains showed a mean correlation of 0.53 between intention and behavior [38, 39] . We do not know what level of increased motivation is required to tip someone into action. With respect to IMC, this is likely to vary for different individuals and circumstances, and should be the focus of additional longitudinal research of the effect of motivation on uptake of circumcision. A fourth limitation of this study is that the results may be specific to Zimbabwe. The key beliefs we identified may not be generalizable to other countries. However, the strength of this research is that it provides a theory-driven framework and strong methodology that can be applied in other countries to identify evidence-based target beliefs specific to those settings.
We have identified key beliefs that best explain parent motivation for IMC. These beliefs should be targeted through careful design of persuasive communications in order to increase parent motivation and uptake of IMC. Zimbabwe and other VMMC priority countries are considering IMC in addition to adolescent and adult VMMC as part of their HIV prevention programs. In the adult VMMC programs, it was generally assumed that building the infrastructure, training clinicians, making VMMC available, and focusing messages on the HIV prevention aspects of VMMC would be sufficient to produce demand. Slow uptake among adult men has led to the need to develop evidence-based motivational strategies and messaging to increase uptake. As IMC programs begin to be implemented, we strongly recommend that careful communication design be done right from the beginning in order to maximize parent motivation when IMC becomes available. Our study results provide the foundation for designing evidence-based messaging to change parent beliefs, attitudes, and motivation for IMC. By applying evidence based demand creation focused on expectant parents in conjunction with a transition towards increased capacity for IMC, program implementers will hopefully avoid many of the current difficulties found in the adult VMMC programs with capacity far outpacing demand. This work represents the first step in developing an evidence-based demand creation program for IMC in Zimbabwe. The next step will be to translate these beliefs into specific messages that can be tested and refined before they are implemented on a large scale.
